An epidemiological investigation of Pseudomonas aeruginosa in an Intensive Care Neurosurgical Unit has shown that there were epidemic, endemic and endogenous types present simultaneously. These pseudomonads were cultured from purulent sputa postoperatively and sometimes caused systemic disease. The epidemic type was traced to a ventilator and a nebulizer whilst the endemic and endogenous types were not found in environmental sites. Effective decontamination of equipment and the use of bacterial filters where possible are essential in preventing the spread of infection. Staff hygiene remains important, particularly hand washing with antiseptic soap preparations.
of use for different patients. We wished to find out whether the patients acquired their pseudomonads from this and other anaesthetic equipment, comparing ventilators with and without filters, or whether their acquisition could be attributed to spread from recognised sites of colonisation, e.g. ward sinks, hands of staff.2
MATERIALS AND METHODS Theatres and Wards
The neurosurgical unit included two openplan operating theatres, equipped with three autoclaves in front of which the operating trolleys were laid up. Patients spent the first few hours postoperatively in the modern Intensive Care Unit and were then transferred to the male or female wards. Patients requiring special care, including infected cases, were nursed in the Intensive Care Unit. This unit had eight beds, was well staffed and had two wash hand basins, equipped with elbow taps, but without overflow drains.
Patient Specimens
Purulent specimens of sputum from all patients on the unit were cultured on chocolate and MacConkey agar at 37 QC for 18 hours. Catheter specimens of urine were collected from the tubing by an aseptic technique, and were cultured on MacConkey agar. Colonies were confirmed as Ps. aeruginosa by their morphology and blue-green pigment, production of oxidase and fluorescence on King's B medium,3 containing 0.03070 cetrimide. Cultures were sent to the Central Public Health Laboratory, Colindale, for seroand bacteriophage-typing. The combination of two typing methods allows better discrimination between strains than the use of one alone.
Nurses
Nurses' hands were tested for the carriage of Ps. aeruginosa by asking them to place their fingers, after patient contact, on to the surface of blood agar plates. Bacterial colonies were identified as above.
Ventilators
The expiratory circuits of two Cape Mark I Theatre ventilators were sampled by allowing condensed water vapour to run out of drain taps 2, 3 and 4 (in equivalent positions respectively to drain taps (DT) 1, 2 and 3 in Figure 1 ) into sterile sampling bottles. This water was mixed with an equivalent volume of glucose broth and was incubated at 37 QC for 18 hours before being subcultured on to MacConkey agar, from which bacterial colonies were picked for identification. The ventilators were decontaminated once weekly with nebulized hydrogen peroxide.
The expiratory circuits of the three Cape Mark 11 Intensive Care ventilators were sampled by passing an "intra-cath" fine plastic tube up the drain taps (DT) 1, 2 and 3 in the open position ( Figure 1 ) and aspirating fluid into a syringe. It was found that murky fluid could be obtained for culture when no water would drain out of the taps by gravity. Two of these ventilators had Williams filters on the inspiratory circuits alone whilst a third had no filters. The three ventilators were decontaminated with nebulized hydrogen peroxide between patients.
Rubber ventilator tubing was sampled by massaging water from the tubing into sterile sampling bottles. At that time the tubing was not changed whilst the patient remained on the ventilator. Humidifiers were sampled by dipping swabs into the water inside them and then placing the swabs in Stuart's transport medium for later subculture. The water within 
Nebulizers
The lower half, containing the water reservoir, was detachable and regularly soaked in hypochlorite (Milton). The upper half, containing the nebulizer plate, was not decontaminated; it remained wet and was sampled by swabbing.
Other Sites
Sink traps were sampled by swabbing through the plug holes. Tap water was collected, using bottles containing thiosulphate to neutralise chlorine, after first flaming the end of the tap and running water to waste for five minutes. The soap and dishes were swabbed.
RESULTS AND ACTION TAKEN

Patients
Typing results for the Ps. aeruginosa cultures from the patients' purulent sputa are listed in the text and illustrated in Figure 2 . The somatic serotype of each pseudomonad is given first, followed by the bacteriophages to which it was susceptible. Pseudomonads were considered distinct if the serotypes differed or if they varied in susceptibility to three or more bacteriophages. The pseudomonads could be placed in three distinct groups: epidemic (one type arising from a common environmental source -equipment), endemic (one type crossinfecting patients but not found in equipment), Endogenous Types ..
"" "
x and endogenous (various types arising from patients' own flora).
The epidemic pseudomonad (type: 11-44/12141 col.ll) was cultured from the sputa of six patients before being isolated from the expiratory circuit of the Cape Mark 11 ventilator without filters, whilst in use. Water from this ventilator was drained out via taps 1, 2 and 3 and the ventilator was then decontaminated using nebulized hydrogen peroxide. All ventilators were subsequently drained before nebulization. We decided to autoclave the ventilator tubing every three days for all patients but later on disposable tubing was introduced. This pseudomonad was cultured from a further four patients before being isolated from a nebulizer; subsequently we decontaminated the upper halves of all the nebulizers using hot air from a hair dryer. The pseudomonad was then cultured from a further four patients over the following 12 days, after which it was not isolated again. As well as being associated with purulent sputa, this strain also caused meningitis in one patient with CSF rhinorrhoea and a catheter-associated urinary tract infection in another. It caused the only case of lobar pneumonic consolidation. another patient's mouth care kit. It appeared in two clusters during the second and sixth months, but markedly decreased in frequency in the last three months. It was never isolated from anaesthetic equipment or from environmental sites; however, it was isolated from the hands of one nurse. Following the latter, antiseptic handwashes of aqueous chlorhexidine (Hibitane) and aqueous povidone iodine (Betadine) were introduced to the Unit instead of bar soap. Alcoholic chlorhexidine (Hibisol) was rubbed into the hands after "clean" contact with patients. Endogenous pseudomonads, of different types, were cultured from the sputa of ten separate patients but did not spread. On one occasion two pseudomonads (type: 3-7121/241 44/FS/1091119X/35211214/col.IIIISS.I) were isolated from the urinary catheters of two male patients; there was no further cross-infection with this pseudomonad.
Anaesthetic Equipment
The results of sampling the two Cape Mark I theatre ventilators are shown in Table I . Repeated contamination of these ventilators occurred, often with different pseudomonads or with other coliform bacteria; however, these strains were never cultured from the patients.
The two Cape Mark 11 ventilators with inspiratory Williams filters were sampled soon after Ps. aeruginosa (epidemic type) was isolated from the ventilator without filters. Ps. aeruginosa (type: 6-7/68) was isolated from the drain tap waters of both these ventilators, sampled at the same time, indicating that they were similarly contaminated; however, this After introducing effective decontamination for the nebulizers, no more pseudomonads were isolated from them despite repeated attempts. We failed to isolate pseudomonads from ventilator humidifier water.
Other sites
Each of the two sink traps yielded a pseudomonad of different type (4-NT and 9-7/M4). Neither of these types was isolated from other sites or from patients. The sink traps were not decontaminated.
No pseudomonads were isolated from tap water, the soap or soap dishes.
DISCUSSION
Isolation of pseudomonads from face masks, breathing tubes, rebreathing bags and connectors has been reported. 4 Forrester laryngeal sprays have been recorded as a cause of an outbreak of Ps. aeruginosa respiratory tract infection. S Transmission of Ps. aeruginosa between patients in intensive care units has been associated with ventilators,6-7 with nebulizers,8 with an oxygen analyser, 9 with resuscitation apparatus,1O with suction apparatus ll and with handling of patients by the hospital staffY Further sites that have been incriminated as sources of Ps. aeruginosa infection are urinals and bedpans,13 a contaminated shaving brush,14 bedside water jugs 1S and ward sinks. 16 Decontamination of anaesthetic equipment is recommended, with appropriate techniques for each item viz. autoclaving, ethylene oxide, detergent wash or disposable; chemical disinfection is not advised. 17 Cape (disposable heated paper) or Williams (autoclavable siliconized glass beads) bacterial filters can be placed on both the inspiratory and expiratory circuits of ventilators so as to isolate the patient bacteriologically. [18] [19] We have found that simultaneously there were epidemic, endemic and endogenous types of Ps. aeruginosa associated with purulent sputum (Figure 2 ). The epidemic type disappeared when the contaminated ventilator, without filters, and the nebulizer were decontaminated as described and when tubing between the patients and their ventilators was changed every 72 hours. The combination of these items is considered to be the source of the epidemic type. The endemic type persisted but we managed to reduce its frequency of isolation. Being found on the hands of a nurse it had probably arisen by cross-infection due to staff handling. As fewer patients became infected, the chances of cross-infection diminished. Emphasis on frequent antiseptic handwashing may have helped to interrupt this cycle of infection. The endogenous types did not cause cross-infection. They probably emerged due to selection by broad-spectrum antibiotics.
A similar type of Ps. aeruginosa was found in the expiratory circuits of both Cape Mark 11 ventilators, with inspiratory but not expiratory filters. This strain was not isolated from any patient during the survey period, but the patients were protected by the inspiratory filters. It emphasises that nebulized hydrogen peroxide alone, as routinely used, cannot be relied on to decontaminate ventilators. It also demonstrates the usefulness of an expiratory filter, which would have protected the ventilators from contamination. The Cape Mark 11 ventilator, without any filters, from the expiratory circuit of which the epidemic type was isolated, may have infected the patients by a back flow of bacteria in the expiratory circuit (Figure 1 ), although this did not occur with the other Mark 11 Ventilators. It may be that the ventilator discharged pseudomonads in droplet form to the atmosphere from the outlet port ( Figure 1) only to suck them in again at the inlet port, as the latter was not protected by an inspiratory filter. 20 A few aerosolised pseudo monads can multiply in condensed water in unchanged ventilator tubing to attain a number sufficient to infect the patient.
It is surprising that no patients became infected with pseudomonads similar to those isolated from the Cape Mark I theatre ventilators without filters ( Table 1 ). It could be that this was because the patients were ventilated by them for a shorter period of time than by those on the Intensive Care Unit. However, the results demonstrate how frequently the ventilators became contaminated and of the relative ineffectiveness of weekly nebulised hydrogen peroxide in decontaminating them. We recommend that both inspiratory and expiratory bacterial filters are fitted to theatre ventilators as well as to those in the Intensive Care Unit.
We have no evidence to suggest that the wash basin sink traps were ever a source of pseudomonas infection in the Intensive Care Unit. They did, however, harbour Ps. aeruginosa and a heated sink trap* would be a useful precaution, although we did not have them fitted, nor did we seek to decontaminate the traps. Intensive care wash basins should not have overflow drains.
During the nine-month period, only one out of 43 patients, with purulent sputum growing Ps. aeruginosa, developed pneumonic consolidation with septicaemia due to a pseudomonad. This finding emphasises that purulent sputum is usually due to tracheobronchitis which should be treated by physiotherapy alone. 21 The only other case of Ps. aeruginosa septicaemia complicated a catheter-associated urinary tract infection. Pseudomonad vaccines are reducing the mortality rate in infected burned patients,22 and may have their place in the future management of patients in intensive care units. However, there is still a need for effective decontamination of equipment, as recommended by Lumley, 17 together with the use of bacterial filters where possible, in order to prevent cross-infection. and Dr. D. G. Fleck, Consultant Microbiologist, St. George's Hospital, London SW17 for assistance. We also thank Dr. T. L. Pitt, Central Public Health Laboratory, Colindale, London NW9 5HT for typing the pseudomonads.
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